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SEMICONDUCTOR LASER DEVICE AND 
METHOD FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 
5 [0001] The present invention relates to a 

semiconductor laser device and a method for producing the 
same, in particular to a semiconductor laser device used 
for a light source of optical discs and so on, and a method 
for producing the same. 

10 [0002] There has hitherto been an end-face emitting 

type semiconductor laser device for optical discs. Such a 
semiconductor laser device is required to generate a high 
output to write information to an optical disc at a high 
speed. However, there is a problem that degradation occurs 

15 at laser beam-emitting end faces when high-output operation 
is performed. In order to suppress the degradation at the 
laser beam-emitting end faces, a structure called "window 
structure" is generally used. The window structure is 
formed in regions in proximity of laser beam-emitting end 

20 faces of an active layer by intermixing the regions of the 
active layer (hereinafter these regions are referred to as 
"window regions"). The window structure is formed in order 
to broaden the energy band gap of quantum well layers in 
the window regions and thereby reduce absorption of light 

25 in the window regions. Since the window structure is 
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constructed such that absorption of light hardly takes 
place, it is possible to prevent degradation of the laser 
beam-emitting end faces due to strong laser beams, and also 
possible to prevent a reduction in the emission power of 
5 laser beams. 

[0003] Incidentally, in the window structure, if a 

current flows through the window regions of the active 
layer, light different from that in an inner region of the 
active layer is generated, which becomes a factor for 
10 degradation of the end faces. Accordingly, in order to 
prevent a current from flowing through the window regions, 
it is required that a current non-inj ection structure be 
added to the semiconductor laser device. 

[0004] In order to show an example of a 

15 conventional end-face current non-injection structure, the 
structure of a first semiconductor laser device disclosed 
in JP-A-03-153090 is shown in Figs. 10A and 10B. Fig. 10A 
is a perspective view of the first semiconductor laser 
device, and Fig. 10B is a cross-sectional view taken along 
20 line 10B-10B of Fig. 10A. 

[0005] With regard to current injection region A of 

Fig. 10A in the first semiconductor laser device, an n-type 
GalnP buffer layer 2, an n-type AlGalnP cladding layer 3, a 
GalnP active layer 4, a p-type AlGalnP cladding layer 5, a 
25 p-type GalnP intermediate band gap layer 6, an n-type GaAs 
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block layer 7, and a p-type GaAs contact layer 8 are 
stacked in this order on an n-type GaAs substrate 1, as 
shown in Fig. 10B. 

[0006] On the other hand, in current non-injection 

5 regions B of Fig. 10A in the first semiconductor laser 
device, as seen from a laser beam-emitting end face 50 of 
Fig. 10A, the p-type GaAs contact layer 8 is directly 
formed on the p-type AlGalnP cladding layer 5, and the p- 
type GalnP intermediate band gap layer 6 is eliminated. 

10 [0007] With regard to the manner in which a current 

flows through a semiconductor laser device (voltage-current 
characteristic) , comparison was made between a 
semiconductor laser device which is made of only the 
current injection region A and a semiconductor laser device 

15 which is made of only the current non-injection region B. 

The results thereof are shown in Fig. 11. In Fig. 11, 
solid line A indicates the voltage-current characteristic 
of the semiconductor laser device made of only the current 
injection region A and broken line B indicates the voltage- 

20 current characteristic of the semiconductor laser device 
made of only the current injection region B. When a 
voltage of 2.5 V is applied, a current flows through the 
semiconductor laser device made of only the current 
injection region A, as shown by solid line A in Fig. 11, 

25 while a current does not flow through the semiconductor 
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laser device made of only the current non-injection region 
B. 

[0008] Using Figs. 12A and 12B, a phenomenon that a 

current hardly flows at a junction interface between 
5 semiconductor layers will be described. In Figs. 12A and 
12B, the horizontal axis shows a distance from the p-type 
AlGalnP cladding layer 5 to the p-type GaAs contact layer 8 
(in a direction perpendicular to the n-type GaAs substrate 
1), while the vertical axis shows an energy level of the 

10 semiconductor laser device. Fig. 12A refers to the current 
injection region A and Fig. 12B refers to the current non- 
injection region B. In Fig. 12 , Ec shows an energy level 
of the conduction band (electrons), Ev shows an energy 
level of the valence band (holes) , and a difference between 

15 Ec and Ev shows an energy band gap. 

[0009] In the first semiconductor laser device, the 

p-type GalnP intermediate band gap layer 6, which has an 
energy level intermediate between the levels of the p-type 
AlGalnP cladding layer 5 and the p-type GaAs contact layer 

20 8, is provided in the current injection region A. 

Therefore, as shown in Fig. 12A, energy barriers AE al and 
AE a2 , which are generated due to a difference between 
energy band gaps can be reduced and thus flow of current 
(holes) can be made smooth. 
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[0010] On the other hand, in the first 

semiconductor laser device, because the p-type AlGalnP 
cladding layer 5 is in direct contact with the p-type GaAs 
contact layer 8 , an energy barrier AE b generated due to a 
5 difference between energy band gaps can be made large. 
Thus, flow of current (holes) can be prevented. In this 
manner, the first semiconductor laser device prevents a 
current from flowing through the window regions. 
[0011] However, when producing the first 

10 semiconductor laser device, a process of selectively 
removing only the p-type GalnP intermediate band gap layer 
6 in proximity of laser beam-emitting end faces is required 
in order to form current non-injection regions. This 
process has a problem, which will be described below using 

15 Figs. 13A and 13B. Figs. 13A and 13B are schematic cross- 
sectional views showing the conventional current non- 
injection region. 

[0012] In the first semiconductor laser device, a 

p-type GalnP intermediate band gap layer 41 shown in Fig. 

20 13A is usually removed by wet etching. In the case where a 
liquid containing bromine, which is a typical etchant, is 
used, a p-type AlGalnP cladding layer 42 shown in Fig. 13A 
is also etched. Thus, as shown in Fig. 13B, the thickness 
of the p-type AlGalnP cladding layer 42 is reduced in the 

25 current non-injection region. Because laser beams spread 



6 



to an upper end portion of the p-type AlGalnP cladding 
layer 42, the reduction in the thickness of the p-type 
AlGalnP cladding layer 42 deteriorates the function of 
confining laser beams in an active layer, which causes 
5 absorption of light, resulting in deterioration of emission 
power . 

[0013] Further, in the case where a so-called real 

guide structure, which reduces absorption of light, is 
constructed by replacing the n-type GaAs block layer 7 of 

10 the first semiconductor laser device shown in Fig. 10A and 
Fig. 10B with an n-type AllnP block layer, there is also a 
problem that in a process step of etching the p-type GalnP 
intermediate band gap layer 41, both the n-type AllnP block 
layer 133 and the p-type AlGalnP cladding layer 132 forming 

15 a ridge are also etched. Describing this in more detail, 
when the real guide structure is adopted, because the n- 
type AllnP block layer 43 is easy to etch in the vicinity 
of ridge side surfaces 42a (see Fig. 13A) of the p-type 
AlGalnP cladding layer 42 where the n-type AllnP block 

20 layer 43 has crystal quality different from that on a flat 
surface, the ridge of the p-type AllnP cladding layer 132 
and a boundary surface of the n-type AllnP block layer 133 
are curved and deformed, as shown in Fig. 13B. 
Consequently, light is easily absorbed in the vicinity of 

25 the laser beam-emitting end faces of the semiconductor 
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laser device. In Fig. 13B, reference numeral 45 indicates 
a portion of the n-type AllnP block layer to be etched in 
the process of etching the p-type GalnP intermediate band 
gap layer 41, while reference numeral 46 indicates a 
5 portion of the p-type AlGalnP cladding layer to be etched 
in the process step of etching the p-type GalnP 
intermediate band gap layer 41. 

[0014] A second semiconductor laser device 

disclosed in JP-A-9-293928, which is shown in Fig. 14, has 

10 the following problem. 

[0015] In the second semiconductor laser device, an 

n-type AlGalnP cladding layer 22, an active layer 23, a p- 
type AlGalnP cladding layer 24, a p-type GalnP layer are 
stacked in this order on a substrate 21. Then, a series of 

15 process steps for intermixing portions in proximity of 
laser beam-emitting end faces of the active layer 23 
(details of which are herein omitted) is conducted. 
Furthermore, window structures 30 having an increased band 
gap are formed in the vicinity of the laser beam-emitting 

20 end faces of the active layer 23. In the second 

semiconductor laser device, after the window structures 30 
are formed, a ridge, a current blocking layer 26, and a 
contact layer 32 are formed. Then, for the purpose of 
preventing a reactive current from flowing through the 

25 window regions, resistance-increased proton-injected 
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regions 33 are formed in the contact layer 32 on the sides 
of the laser be am- emit ting end faces toy proton injection 
method. 

[0016] In the second semiconductor laser device, 

5 the proton injection method is used, but injection of 
protons causes defects in crystals. Thus, there is a 
problem that crystal defects increase during the operation 
of the semiconductor laser device, resulting in 
deterioration of the semiconductor laser device. On the 
10 other hand, if protons having a weak energy are injected in 
order to suppress the deterioration of the semiconductor 
laser device, the sufficient current non- injection effect 
cannot be achieved. 



15 SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to 

provide a semiconductor laser device and a method for 
producing the same, which can prevent degradation of 
emitting end faces and suppress absorption of laser beams 

20 in proximity of the emitting end faces to thereby suppress 
reduction in the emission power. 

[0018] In order to achieve the above object, in a 

semiconductor laser device according to the present 
invention, an n-type (A^Ga^) f In^P (0<e<l, 0<f<l) cladding 
25 layer, an active layer comprising a plurality of stacked 
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layers of AlGalnP type material, a p-type (Al.Ga^J y In,_ y P 
(0<x<l, 0<y<l) cladding layer, and a p-type (Al p G ai _ p ) q l ni _ q P 
(0<p<x, 0<q^l) intermediate band gap layer are stacked in 
this order on a substrate. The semiconductor laser device 
has a current injection region and a current non-injection 
region. Further, the semiconductor laser device includes 
an oxide layer formed on a surface of the p-type (AlpGa^ 
P )qIn 1 . q P intermediate band gap layer in the current non- 
injection region, a p-type Al.Ga^As (0^u<l) cap layer 
formed on the p-type (Al p G ai . p ) q i ni . q P intermediate band gap 
layer in the current injection region, and a p-type Al v G ai . 
^ s (°^v<l) contact layer formed on the oxide layer and the 
p-type Al u G ai . u As cap layer. 

t0019] In this specification, (Al.Ga^J y i ni . y P (0<x<l, 

0<y<l), Ga y i ni . y P (0<y<l) and Al x Ga : _ x As (0<x<l) are also 
referred to as AlGalnP, GalnP and AlGaAs , respectively. It 
is true with the other molar fractions e, f, p, q, u and v. 
[0020] The values of e, f, x, y, p, q , u and v 

representing the molar fractions in the respective layers 
may vary in the depth direction in the same layer. 
t0021] The P-type (Al.Ga^Jyln^P cladding layer may 

be formed by stacking, for example, a p-type 
(Al 07 Ga 0 . 3 ) 0 . 5 In 0 . 5 P first upper cladding layer and a p-type 
(Al 0 7 Ga 0 3 ) 0 5 ln 0 . 5 P second upper cladding layer in order. 
However, in the case where the p-type (Al x Ga x . x ) y i ni . y P 
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cladding layer is composed of a plurality of layers as 
above, the value of x, which is an upper limit of the value 
of the molar fraction p in the p-type (Al p Ga 1 _ p ) q In^ q P (0<p^x, 
0<q<l) intermediate band gap layer, can be defined as a 
5 value of x in a portion of the p-type (A^Ga^) yln^yP 
cladding layer immediately on which the p-type (AlpGa^ 
pJqln^qP intermediate band gap layer is laid (in the above 
example, the value of x is 0.7). 

[0022] According to the semiconductor laser device 

10 of this invention, the oxide layer is present on a surface 
of the p-type (AlpGa^p) gln^P intermediate band gap layer in 
the current non-inj ect ion region. Thus, even if the p-type 
AlGalnP intermediate band gap layer is not removed, the 
current non-injection region has favorable current non- 
15 injection characteristics. Different from the conventional 
semiconductor laser device in which the p-type AlGalnP 
intermediate band gap layer in the current non-injection 
region is etched so that the p-type AlGalnP cladding layer 
is etched simultaneously, since the p-type GalnP 
20 intermediate band gap layer can be left without being 
etched even in the current non-injection region, the p-type 
AlGalnP cladding layer is not etched and the thickness of 
the p-type AlGalnP cladding layer is not reduced in the 
current non-injection region. Consequently, the function 
25 of confining laser beams in the active layer does not 
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deteriorate. Thus, if such a current non-injection region 
is provided at and near a laser beam-emitting end face, it 
is possible to suppress absorption of laser light at and 
near the end face to thereby prevent decrease of the 
5 emission output power. 

[0023] According to the semiconductor laser device 

of the invention, the p-type GalnP intermediate band gap 
layer is left in the current non-injection region and thus 
the p-type AlGalnP cladding layer forming the ridge is not 

10 etched. Thus, the ridge shape of the p-type AlGalnP 
cladding layer is not curved or deformed, so that the ridge 
shape can be retained in the intended shape. Consequently, 
if the current non-injection region is provided at and near 
a laser beam-emitting end face, it is possible to suppress 

15 absorption of laser light at and near the emitting end face 
and thereby prevent decrease of the laser emission power. 
[0024] The current non-injection region of the 

semiconductor laser device of the invention is formed 
without using the proton injection technique. Thus, it is 

20 possible to prevent the occurrence of defects in crystals 
of the semiconductor laser device. 

[0025] In one embodiment, the oxide layer has an 

oxygen concentration that is higher than an oxygen 
concentration at an interface between the p-type (Al p Gai_ 
25 p )q In i-q p intermediate band gap layer in the current 
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injection region and the p-type (Al u Ga 1 _ u ) As cap layer and 
that is also higher than an oxygen concentration at an 
interface between the p-type (AlyGa^JAs cap layer and the 
p-type Al v Ga 1 _ v As contact layer. 
5 [0026] According to the above embodiment, a flow of 

current at the interface between the p-type (Al p Ga 1-p ) qln^P 
intermediate band gap layer and the p-type AlyGa^vAs 
contact layer in the current non-injection region is 
smaller than a flow of current at the interface between the 

10 p-type (AlpGaj.p) gln^gP intermediate band gap layer and the 
p-type Al v Ga!_ v As contact layer in the current injection 
region and also than a flow of current at the interface 
between the p-type (AlpGa^p) qln^P intermediate band gap 
layer and the p-type Al u Ga x _ u As cap layer in the current 

15 injection region. The flow of current at the interface 
between the p-type (AlpGa^p) qln^gP intermediate band gap 
layer and the p-type AlyGa^vAs contact layer in the current 
non- injection region is thus prevented, whereby a large 
current non-injection effect is obtained. 

20 [0027] Experiments conducted by the inventor of the 

present invention have proved that, if the oxide layer has 
an oxygen concentration of 1 x 10 20 cm" 3 or more, 
(preferably 3 x 10 20 cm" 3 or more) , the oxide layer 
sufficiently prevents a current from flowing through the p- 

25 type AlGalnP intermediate band gap layer. Therefore, by 
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forming the oxide layer having an oxygen concentration of 1 
x 10 20 cm" 3 or more at the interface between the p-type 
AlGalnP intermediate band gap layer in the current non- 
injection region and the p-type AlGaAs contact layer, a 
5 sufficient current non-injection effect can be obtained. 

[0028] Also, experiments conducted by the inventor 

of the present invention have proved that if the oxygen 
concentration at the interface between the p-type (Al p Ga x _ 
plqln^gP intermediate band gap layer and the p-type A^Ga^ 

10 u As cap layer and the oxygen concentration at the interface 
between the p-type A^Ga-^As cap layer and the p-type 
Al v Ga 1 _ v As contact layer are both 1 x 10 19 cm" 3 or less, 
(preferably 3 x 10 18 cm" 3 or less), a current can easily pass 
through the interface having the above oxygen concentration. 

15 Accordingly, it is possible to supply a sufficient current 
to the current injection region which requires to be fed 
with a current in order to generate laser beams. 
[0029] In one embodiment, the p-type (AlpGa-^p) gln^P 

intermediate band gap layer satisfies a condition of 

20 0<p<0.1. 

[0030] If the intermediate band gap layer contains 

no Al constituent, film formability and etching 
controllability increases, while interface oxidation is not 
easy. However, according to the above embodiment, since 
25 the Al molar fraction, p, in the p-type (AlpGa^p) gln^P 
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intermediate band gap layer is not more than 0.1, favorable 
film formability and controllability at the time of etching 
can be maintained, and yet there is an improved effect of 
easily forming oxide at an interface. If the Al molar 
5 fraction, p, of the p-type (AlpGa^p) gln^gP intermediate band 
gap layer is more than 0.4, it becomes difficult to 
maintain favorable film-forming properties and 

controllability at the time of etching. 

[0031] In one embodiment, the current non-injection 

10 region is located closer to a laser-beam emitting end face 
than the current injection region is, and a region of the 
active layer corresponding to the current non-injection 
region is intermixed at least at a portion on the side of 
the laser beam-emitting end face. 

15 [0032] According to the above embodiment, a window 

region having a minimum value of the band gap energy larger 
than a maximum value of that of a non-intermixed active 
layer region is formed at least at a portion of the active 
layer on the side of the laser beam-emitting end face. 

20 Because the window region is structured such that light is 
hardly absorbed because of a wide energy band gap, it is 
possible to increase a maximum optical power, as well as 
preventing the switching phenomenon of the current-optical 
output characteristics, which would occur when a current 

25 non-injection structure is used without providing a window 
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region. The increase of noise can also be prevented. 
Accordingly, the semiconductor laser device of this 
embodiment can be applied as a semiconductor laser device 
for optical discs that can perform both high- and low- 
5 output operations. 

[0033] In a method for producing the semiconductor 

laser device according to the present invention, in an 
intermediate band gap layer and cap layer forming process, 
a p-type (AlpGa^p) gln^P (0<p<x, 0<q<l) intermediate band 

10 gap layer and a p-type (Al u Ga 1 _ u )As (0<u<l) cap layer are 
sequentially formed in a film-forming apparatus. 
Thereafter, in a cap layer removing process, in order to 
form a current non-injection region, a portion to serve as 
the current non-injection region later is removed from the 

15 p-type (Al u Ga 1 _ u )As cap layer. Then, in a subsequent oxide 
layer forming process, an oxide layer is formed at a 
surface of the p-type (AlpGa^p) qln^P intermediate band gap 
layer exposed due to the partial removal of the p-type 
(Al u Ga!_ u )As (0<u<l) cap layer in the cap layer removing 

20 process. Then, in a contact layer forming process, a p- 
type Al Y Ga 1 _ v As (0<v<l) contact layer is formed on the p- 
type (Al u Ga 1 _ u )As cap layer in the current injection region 
and on the oxide layer in the current non-injection region. 
[0034] According to the method for producing the 

25 semiconductor laser device, in the oxide layer forming 
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process following the cap layer removing process, the oxide 
layer is formed on the surface of the p-type AlGalnP 
intermediate band gap layer which has been exposed by the 
cap layer removing process, whereby the current non- 
5 injection region can appropriately be formed. The oxide 
layer surely prevents a current from flowing through the 
current non-injection region, securing favorable current 
non-injection characteristics in the current non-injection 
region . 

10 [0035] According to the method for producing the 

semiconductor laser device of the invention, a favorable 
interface that has continuously grown can be formed in the 
current injection region where the cap layer has not been 
removed in the cap layer removing process. Thus, a current 

15 is allowed to flow through the current injection layer at a 
low voltage. Consequently, favorable current injection 
characteristics in the current injection region can be 
secured. 

[0036] In one embodiment, the p-type A^Ga^As 

20 contact layer is formed by molecular beam epitaxy. 

[0037] According to this embodiment, reducing gas 

such as hydrogen is not used. Thus, the oxide layer can 
surely be formed on the p-type (AlpGa^) q In^ q P intermediate 
band gap layer even in a state in which the substrate 
25 temperature is low. 
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[0038] In one embodiment, before forming the p-type 

Al v Ga 1 _ v As contact layer, the surface of the p-type (AlpGa^ 
p ) q In 1 _ q P intermediate band gap layer is oxidized using a 
solution containing hydrogen peroxide. 
5 [0039] According to this embodiment, the oxide 

layer can be formed by a simple treatment of immersion into 
the solution, so that formation of the current non- 
injection region can surely be realized. 

[0040] In one embodiment, before forming the p-type 

10 Al v Ga 1 _ v As contact layer, the surface of the p-type (AlpGa^ 
pJqln^qP intermediate band gap layer is oxidized by being 
exposed to an atmosphere of at least one of ozone, oxygen 
ion or activated oxygen. 

[0041] According to this embodiment, the oxide 

15 layer can be formed by the simple treatment of exposure to 
an atmosphere of oxidizing gas, so that formation of the 
current non-injection region can surely be realized. 
[0042] In one embodiment, before forming the p-type 

Al v Ga 1 _ v As contact layer, the surface of the p-type (AlpGaj. 
20 piqlrij.qP intermediate band gap layer is oxidized by being 
exposed to a gas containing water vapor. 

[0043] According to this embodiment, the oxide 

layer can be formed by the simple treatment of exposure to 
a gas atmosphere, which contains water vapor, so that 
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formation of the current non-injection region can surely be 
achieved . 

[0044] In one embodiment, the p-type Al v Ga 1 . v As 

contact layer is formed by metal-organic chemical vapor 
5 deposition method. 

[0045] According to this embodiment, in spite that 

the p-type AlGaAs contact layer is formed by the metal- 
organic chemical vapor deposition method (MOCVD method) 
that uses a reducing gas, hydrogen, an oxide layer having 

10 favorable current non-injection characteristics can be 
formed by a combination of the MOCVD method with a surface 
oxidation method using a hydrogen peroxide solution, or by 
changing the conditions (the substrate temperature, etc.) 
when performing the MOCVD method. 

15 [0046] In one embodiment, before forming the p-type 

Al v Ga 1 . v As contact layer, the surface of the p-type (AlpGa^ 
p ) q In : _ q P intermediate band gap layer is oxidized using a 
solution containing hydrogen peroxide. 

[0047] According to this embodiment, the oxide 

20 layer can be formed by the simple treatment of immersion 
into the solution, so that formation of the current non- 
injection regions can surely be achieved. 

[0048] In one embodiment, before forming the p-type 

AlyGa^yAs contact layer, the surface of the p-type (AlpGa^ 
25 p ) q In 1 _ q P intermediate band gap layer is oxidized by being 
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exposed to an atmosphere of at least one of ozone, oxygen 
ion or activated oxygen. 

[0049] According to this embodiment, the oxide 

layer can be formed by the simple treatment of exposure to 
5 an atmosphere of oxidizing gas, so that formation of the 
current non-injection region can surely be achieved. 

[0050] In one embodiment, before forming the p-type 

Al v Ga 1 _ v As contact layer, the surface of the p-type (A^Ga-^ 
p ) q In 1 _ q P intermediate band gap layer is oxidized by being 
10 exposed to a gas containing water vapor. 

[0051] According to this embodiment, the oxide 

layer can be formed by the simple treatment of exposure to 
a gaseous atmosphere containing water vapor, whereby 
formation of the current non-injection regions can surely 
15 be achieved. 

[0052] The present invention is applicable whether 

the current non-injection region is formed in the vicinity 
of a laser beam-emitting end surface or in other locations. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] The present invention will become more fully 

understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the 

25 present invention, and wherein: 
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[0054] Figs. 1A - 1C are views for explaining a 

method for producing a semiconductor laser device according 
to a first embodiment of the present invention; 
[0055] Figs. 2A -2C are views for explaining the 

5 method for producing the semiconductor laser device, 
showing process steps following a step shown in Fig. 1C; 
[0056] Fig. 3 is a perspective view of the 

semiconductor laser device produced by the method according 
to the first embodiment of the present invention; 
10 [0057] Fig. 4 is a graph showing the oxygen 

concentration in current injection region A and that in 
current non-injection regions B of the semiconductor laser 
device according to the first embodiment; 

[0058] Fig. 5 is a graph showing the voltage- 

15 current characteristics of the semiconductor laser device 
according to the first embodiment; 

[0059] Figs. 6A - 6C are views for explaining a 

method for producing a semiconductor laser device according 
to a second embodiment of the present invention; 

20 [0060] Figs. 7A - 7C are views for explaining the 

method for producing the semiconductor laser device, 
showing process steps following a step shown in Fig. 6C; 
[0061] Fig. 8 is a perspective view of the 

semiconductor laser device produced by the method according 

25 to the second embodiment of the present invention; 
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[0062] Fig. 9 is a graph showing the voltage- 

current characteristics of the semiconductor laser device 
according to the second embodiment; 

[0063] Fig. 10A is a perspective view of a first 

5 conventional semiconductor laser device; 

[0064] Fig. 10B is a cross-sectional view taken 

along line 10B-10B of Fig. 10A; 

[0065] Fig. 11 is a graph showing the voltage- 

current characteristics of the first semiconductor laser 
10 device; 

[0066] Figs. 12A and 12B are diagrams for 

explaining that a current hardly flows at a junction 
interface between semiconductor layers; 

[0067] Fig. 13A and Fig. 13B are schematic cross- 

15 sectional views of a current non-injection region of the 
first semiconductor laser device; and 

[0068] Fig. 14 is a perspective view of a second 

conventional semiconductor laser device. 

2 0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0069] The present invention will hereinafter be 

described in more detail by way of examples illustrated. 
[0070] In the following embodiments, (Al x Ga 1 _ x ) yln^P 

(0<x<l, 0<y<l), Gayln^yP (0<y<l) and A^Ga^As (0<x<l) are 

25 also referred to as AlGalnP, GalnP and AlGaAs , respectively. 
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[0071] (First Embodiment) 

Fig. 1A through Fig. 2C are perspective views 
showing a process for producing a semiconductor laser 
device according to a first embodiment of the present 
5 invention. It should be noted that these figures show only 
a part corresponding to a single chip of the entire wafer 
for the sake of convenience. 

[0072] The semiconductor laser device and the 

method for producing the same according to the first 
10 embodiment will be described below. 

[0073] First, as shown in Fig. 1A, an n-type 

(Al 0 7 Ga 0 . 3 ) 0 . 5 In 0 5 P lower cladding layer 101 (having a 

thickness of 1.5 jjin and a carrier concentration of 1 x 10 18 
cm' 3 ) , an active layer 102 consisting of four undoped 

15 (Al 0 . 5 Ga 0 . 5 ) 0 . 5 In 0>5 P layers and three undoped GalnP layers 

(having a thickness of 6 run) respectively interposed 
between the adjacent undoped (Al 0!5 Ga 0 . 5 ) 0<5 In 0-5 P layers, a p- 
type (Al 0 . 7 Ga 0 . 3 ) 0>5 In 0>5 P first upper cladding layer 103 
(having a thickness of 0.2 [xm, and a carrier concentration 

20 of 1.0 x 10 18 cm" 3 ), a p-type Ga 0 . 6 In 0 4 P etching stopper layer 
104 (having a thickness of 8 rim, a carrier concentration of 
1.0 x 10 18 cm" 3 ), a p-type (Al 07 Ga 03 ) 05 In 0 5 P second upper 

cladding layer 105 (having a thickness of 0.8 |im, and a 
carrier concentration of 1.3X10 18 cm" 3 ), a p-type GalnP 
25 intermediate band gap layer 106 (having a thickness of 0.1 
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\Am, and a carrier concentration of 3 x 10 18 cm" 3 ) , and a p- 
type GaAs cap layer 107 (having a thickness of 0.3 jjiti, and 
a carrier concentration of 10 x 10 18 cm -3 ) are sequentially 
formed in this order on an n-type GaAs substrate 100 by a 
5 molecular beam epitaxy method (hereinafter referred to as 
MBE method) . 

[0074] The process of forming the p-type GalnP 

intermediate band gap layer 106 (0.1 jim, 3 x 10 18 cm" 3 ) and 
the p-type GaAs cap layer 107 (0.3 \m, 3 x 10 1B cm" 3 ) on the 
10 p-type (Al 0 . 7 Ga 0i3 ) 0 . 5 In 0#5 P second upper cladding layer 105 is 
one example of the intermediate band gap layer and cap 
layer forming process. 

[0075] In the semiconductor laser device according 

to this first embodiment, n-type dopant is Si, and p-type 

15 dopant is Be. 

[0076] Next, as shown in Fig. IB, a ZnO (zinc 

oxide) layer 131 is formed in stripes along regions forming 
laser beam-emitting end faces 450, 451 on the cap layer 107, 
and a Si0 2 (silicon oxide) layer 132 is formed on the 

20 entire regions of the cap layer 107 and of the ZnO layer 
131 . 

[0077] Then, annealing is performed at 520°C for 2 

hours, so that Zn is diffused from the ZnO layers 131 to 
regions of the cap layer 107 and the upper cladding layer 
25 105 on the sides of the laser beam-emitting end faces 450, 
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451. Thereby, intermixing of quantum well layers and 
barrier layers of the active layer 102 under the ZnO layers 
131 is performed to form window regions 102B of the active 
layer 102. In the semiconductor laser device according to 
5 the first embodiment, the ZnO stripes 131 are formed so as 

to have a width of 30 [xm as measured from the portions that 
are to become a laser beam-emitting surface (front end 
face) 450 and a laser beam-reflecting surface (rear face) 
451 . 

10 [0078] Subsequently, as shown in Fig. 1C, after 

removing the Si0 2 layer 132 and the ZnO layers 131 with a 
buffered hydrofluoric acid, the p-type GaAs cap layer 107, 
the p-type GalnP intermediate band gap layer 106 and the p- 
type (Al 0 7 Ga 0<3 ) 0<5 In 0i5 P second upper cladding layer 105 are 

15 etched in a stripe shape until the etching stopper layer 
104 is exposed, whereby a ridge stripe 115 is formed. 
[0079] Next, as shown in Fig. 2A, an n-type 

Al 05 In 05 P current blocking layer 120 is formed on the 
etching stopper layer 104 by the MBE method in a manner so 

20 as to be in contact with side surfaces of the ridge stripe 
portion 115. 

[0080] Then, as shown in Fig. 2B, a cap layer 

removing process and an oxide layer forming process are 
conducted. Specifically, current injection region A (a 
25 region at a distance of 30 pin or more from either emitting 
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end face) is covered by a resist (not shown) , and current 
non-injection regions B (regions each having a distance of 
less than 30 pun from the corresponding emitting end face) 
are subjected to etching with a mixed solution containing 
5 ammonia, hydrogen peroxide and water at a ratio of 20:30:50 
and having a temperature of 20°C for 30 seconds, whereby 
portions of the p-type GaAs cap layer 107 in the current 
non-injection regions B, which are not covered by the 
resist, are removed. At this time, a surface of the p-type 

10 GalnP intermediate band gap layer 106, which is exposed due 
to removal of the portions of the p-type GaAs cap layer 107 
not having been covered, is not etched, but is oxidized due 
to the action of hydrogen peroxide solution. Thereby, the 
oxide layer 106A is formed on the exposed surface of the p- 

15 type GalnP intermediate band gap layer. In the cap layer- 
removing process and the oxide layer-forming process, the 
n-type Al 0 . 5 In 0 . 5 P current blocking layers 120 are not etched 
by the etchant and thus their shapes are retained. 
[0081] Then, a contact layer forming process shown 

20 in Fig. 2C is conducted. Specifically, by the MBE method, 
a p-type GaAs contact layer 125 (having a thickness of 4 
Mm) is formed on the p-type A^Ga^As cap layer not removed 
in the cap layer removing process and the oxide layers 106A 
formed in the oxide layer forming process in a manner so as 

25 to cover the entire surface of the wafer. At this time, 
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the substrate temperature is 620°C. With this substrate 
temperature, a certain amount of oxygen on the p-type GalnP 
intermediate band gap layer 106 will remain without being 
removed. 

5 [0082] Subsequently, as shown in Fig. 3, an n-side 

electrode 122 and a p-side electrode 123 are formed, and 
the wafer is cleaved at window regions so as to have a 
resonator length of 900 (im. A laser beam-emitting end face 
is coated with a low-reflectivity reflection coating 126 

10 with a reflectivity of about 6 %, while the end face 
opposite from the laser beam-emitting end face is coated 
with a high-reflectivity reflection coating 127 with a 
reflectivity of about 90 % to complete the semiconductor 
laser device according to the first embodiment. In Fig. 3, 

15 the same layers as those in Figs. 1 and 2 are designated by 
the same reference numerals. 

[0083] The semiconductor laser device oscillated at 

a wavelength of 658 nm, and generated a CW (continuous 
wave) maximum output power of 165 mW . In operation at a 

20 pulse of 100 mW, 70°C (pulse width: 100 ns, duty: 50 %), an 
average lifetime of 5000 hours or more was achieved. In a 
comparative semiconductor laser device in which the current 
non-injection structure is provided but the window 
structure is omitted, a CW maximum output of 132 mW was 

25 obtained. However, a switching phenomenon of 
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current/optical output characteristics occurs at a current 
approximate to an oscillation current threshold, and noise 
at the time of low-output operation increased. The low- 
output operation becomes unstable when the switching 
5 phenomenon occurs. Thus, such a semiconductor laser device 
is not suited as a laser for optical disks that performs a 
high-output operation when writing and a low-output 
operation when reading, although the semiconductor laser 
device can be used as a laser for optical disks that 

10 performs the high-output operation only. 

[0084] Next, in order to confirm the effect of the 

current non-injection structure of the semiconductor laser 
device according to the first embodiment, measurement of 
oxygen density in a direction perpendicular to the 

15 substrate of the semiconductor laser device was conducted 
by secondary ion mass spectroscopy (SIMS) . 

[0085] Fig. 4 depicts measurement results of those 

portions corresponding to the current injection region A 
and the current non-injection region B when the ridge width 

20 was as wide as 900 |nm. In the current non-injection 
regions B indicated in a solid line, an interface having a 
large oxygen density of about 3 x 10 20 cm" 3 is present 
between the p-type GalnP intermediate band gap layer 106 
and the cap layer 107, and the interface prevent an 

25 electric current from permeating deep into the current non- 
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injection region B. On the other hand, the maximum oxygen 
concentration of an interface in the current injection 
region A indicated in a dotted line in Fig* 4 is provided 
by an oxygen density at an interface between the cap layer 
5 107 and the contact layer 125, which is 3 x 10 18 cm" 3 at the 
utmost. Therefore, in the current injection region A, the 
interface having the role of blocking an electric current 
is low, so that the current smoothly flows. 

[0086] Further, in order to confirm the effect of 

10 the current non-injection structure of the semiconductor 
laser device, a semiconductor laser device in which a 900 
jam long resonator is entirely made of only the current 
injection region A, and a semiconductor laser device in 

which a 900 \xm long resonator is entirely made of only the 
15 current non-injection region B were fabricated and the 
voltage-current characteristics of these semiconductor 
laser devices were measured. Fig. 5 shows the voltage- 
current characteristics of these semiconductor laser 
devices. As shown in Fig. 5, the semiconductor laser 
20 device made of only the current injection region A had an 
operation voltage of 2.9 V when an electric current of 177 
mA flowed, while the semiconductor laser device made of 
only the current non-injection region B required an 
operation voltage of as mush as 4.2 V in order for an 
25 electric current of only 10 mA to flow. It turns out that 
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a favorable current non-injection structure has been formed 
in the semiconductor laser device which is made of only the 
current non-injection region B. 

[0087] A curve B(2) depicted in Fig. 5 shows the 

5 voltage-current characteristics of a semiconductor laser 
device wherein formation conditions of the p-type contact 
layer were changed so that the oxygen concentration at the 
interface between the p-type GalnP intermediate band gap 
layer and the cap layer in the current non-injection region 

10 B was 1 x 10 20 cm" 3 as measured by secondary ion mass 
spectroscopy. The current of this semiconductor laser 
device was as small as 9 mA at 3V, which proves that the 
semiconductor laser device has a sufficient current non- 
injection effect. 

15 [0088] A curve A(2) depicted in Fig. 5 shows the 

voltage-current characteristics of a semiconductor laser 
device wherein formation conditions of the p-type contact 
layer were changed so that in the current injection region 
A, the oxygen concentration at the interface between the 

20 cap layer and the contact layer, and the oxygen 
concentration at the interface between the intermediate 
band gap layer and the cap layer were 1 x 10 19 cm" 3 as 
measured by secondary ion mass spectroscopy. In this 
semiconductor laser device, it was at a voltage of 3.2 V 

25 when an operation current of 176 mA that generates an 
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optical output of 100 mW flowed. This satisfies the 
condition of the operation voltage of not more than 3.3 V 
at which the semiconductor laser device can be used as a 
product . 

5 [0089] According to the semiconductor laser device 

of the first embodiment, since the oxide layers 106A are 
formed in the current non-injection regions B on the sides 
of the laser beam-emitting end faces on the surface of the 
p-type GalnP intermediate band gap layer 106, the 
10 sufficient current non-injection effect can be obtained 
even if the p-type GalnP intermediate band gap layer 106 in 
the current non-injection regions B is not removed. 
Therefore, the p-type GalnP intermediate band gap layer 106 
can be left without being removed from the current non- 
15 injection regions B. Thus, different from a conventional 
semiconductor laser device, when etching the p-type GalnP 
intermediate band gap layer in the current non-injection 
regions, the p-type Al GalnP cladding layer is not etched 
together therewith, thus making it possible to maintain the 
20 designed thickness of the p-type AlGalnP upper cladding 
layer 105 in the current non-injection regions B. 
Accordingly, the function to confine laser beams in the 
active layer 102 is prevented from deteriorating, thus 
making it possible to suppress the absorption of light in 
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the vicinity of the emitting end faces to thereby prevent 
degradation of the emission power of laser beams. 
[0090] Since the p-type GalnP intermediate band gap 

layer 106 remains without being removed in the current non- 
5 injection regions B, the p-type AlGalnP upper cladding 
layer 105, which forms the ridge, is not etched. Thus, the 
ridge shape of the p-type AlGalnP upper cladding layer 105 
is not curved or deformed and the ridge shape can be 
maintained in the intended shape, which makes it possible 
10 to prevent degradation of the emission output of laser 
beams while suppressing absorption of light in the vicinity 
of the laser beam-emitting end faces. 

[0091] Since the current non-injection regions are 

formed without using the technique such as the proton 

15 injection method, the occurrence of defects in crystals of 
the semiconductor laser device can be prevented. 
[0092] In the current non-injection regions B, the 

oxygen concentration (about 3 x 10 20 cm" 3 ) of the oxide 
layer 106A formed at the interface between the p-type GalnP 

20 intermediate band gap layer 106 and the p-type AlGaAs 
contact layer 125 is higher than the oxygen concentration 
(about 1.0 x 10 18 cm -3 ) at the interface between the p-type 
GalnP intermediate band gap layer 106 and the p-type AlGaAs 
cap layer 107 in the current injection region A, as well as 

25 the oxygen concentration (about 3.0 x 10 18 cm" 3 ) at the 
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interface between the p-type AlGaAs cap layer 107 and the 
p-type AlGaAs contact layer 125. Therefore, a flow of 
current at the interface between the p-type GalnP 
intermediate band gap layer 106 and the p-type AlGaAs 
5 contact layer 125 in the current non-injection region B is 
smaller than that at the interface between the p-type 
AlGaAs cap layer 107 and the p-type AlGaAs contact layer 
125 and that at the interface between the p-type Galnp 
intermediate band gap layer 106 and the p-type AlGaAs cap 

10 layer 107 in the current injection region A. Accordingly, 
the flow of current at the interface between the p-type 
GalnP intermediate band gap layer 106 and the p-type AlGaAs 
contact layer 125 in the current non-injection regions can 
surely be blocked, thus making it possible to achieve the 

15 high current non-injection effect. 

[0093] Since the oxygen concentration of the oxide 

layers 106A formed at the interface between the p-type 
GalnP intermediate band gap layer and the p-type AlGaAs 
contact layer in the current injection region A is 1 x 10 20 

20 cm" 3 or more (in this embodiment, about 3.0 x 10 20 cm" 3 ), it 
is possible to sufficiently prevent an electric current 
from flowing through the current non-injection regions B, 
as shown in Fig. 5, meaning that the sufficient current 
non-injection effect is obtained. 
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[0094] The oxygen concentration (about 1.0 x 10 18 

cm" 3 in the embodiment) at the interface between the p-type 
GalnP intermediate band gap layer 106 and the p-type AlGaAs 
cap layer 107 in the current injection region A is set to 
5 not more than 1 x 10 19 cm" 3 , and the oxygen concentration 
(about 3.0 x 10 18 cm" 3 in the embodiment) at the interface 
between the p-type AlGaAs cap layer 107 and the p-type 
AlGaAs contact layer 125 in the current injection region A 
is also set to not more than 1 x 10 19 cm" 3 . Thus, as shown 

10 in Fig. 5, the above two interfaces do not block an 
electric current passing through the current injection 
region A. Therefore, it is possible to supply sufficient 
current to the current injection region A, where supply of 
current is required for generating laser beams. 

15 [0095] Intermixing of the active layer is performed 

at portions corresponding to the current non-injection 
regions B to form the window regions 102B having a large 
band gap energy. Thus, the maximum output power of laser 
beams can be improved. At the same time, switching of the 

20 current/optical output characteristics, which would occur 
when only the current non-injection structure is used 
without providing any window regions, can be prevented, and 
also increase of noise at the time of the operation at a 
low output can be prevented. Therefore, the semiconductor 

25 laser device of the first embodiment can be applied as a 
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semiconductor laser device for optical discs that can 
perform both low- and high-output operations. In the 
semiconductor laser device of the first embodiment, the 
whole regions in the active layer 102 corresponding to the 
5 current non-injection regions B were intermixed. However, 
alternatively, the intermixing may be performed only in a 
part of each of the regions of the active layer 102 
corresponding to the current non-injection regions B, which 
part is located closer to the respective laser beam- 

10 emitting end faces (i.e., the laser beam-emitting surface 
and the laser beam-reflecting surface) . Also, the 

intermixed portion may include, in addition to the whole 
area corresponding to the current non-injection region B of 
the active layer 102, an area of the active layer 102 

15 corresponding to a part of the current injection region A 
immediately adjacent the current non-injection region B. 
[0096] According to the method for producing a 

semiconductor laser device of the first embodiment, in the 
oxide layer forming process after the cap layer removing 

20 process, the oxide layers 106A are formed on the surface of 
the p-type GalnP intermediate band gap layer 106 which has 
been exposed by the cap layer removing process, whereby the 
current non-injection regions B can appropriately be formed. 
Therefore, the oxide layers 106A surely prevent a current 

25 from flowing through the current non-injection regions B, 
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thus making it possible to secure favorable current non- 
injection characteristics in the current non- in j ection 
regions B. 

[0097] In the current injection region A where the 

5 cap layer 107 has not been removed in the cap layer 
removing process, a continuously grown favorable interface 
is formed so that a current can flow through the current 
injection region A at a low voltage. Therefore, favorable 
current injection characteristics in the current injection 

10 region A can be secured. 

[0098] Since the p-type AlGaAs contact layer 125 is 

formed by the MBE method, reducing gas such as hydrogen is 
not used. Thus, removal of the oxide layers 106A in the 
current non-injection regions B by the reducing effect of 

15 hydrogen and so on does not take place. Even in a state in 
which the temperature of the n-type GaAs substrate 100 is 
low, the oxide layers 106A can surely be formed on the 
surfaces of the current non-injection regions B. 
[0099] Before forming the p-type AlGaAs contact 

20 layer 125 by the molecular beam epitaxy method, the exposed 
surface portions of the p-type GalnP intermediate band gap 
layer 106 are oxidized using a solution containing hydrogen 
peroxide. Thus, the oxide layer 106A can be formed with a 
simple treatment of immersion of the p-type GalnP 
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intermediate band gap layer into the liquid, meaning that 
the current non-injection regions B are surely realized. 
[0100] In the method for producing a semiconductor 

laser device of the first embodiment, removal of the p-type 
5 GaAs cap layer and oxidation of the surface of the p-type 
GalnP intermediate band gap layer 106 are performed using a 
mixed solution in which ammonia, hydrogen peroxide and 
water are mixed, with the etching time being 30 seconds. 
Alternatively, if etching is performed using a mixed 
10 solution in which sulfuric acid, hydrogen peroxide and 
water are mixed, similar results can be obtained (although, 
when the mixing ratio of sulfuric acid, hydrogen peroxide 
and water is for example 1:8:8 and the temperature of the 

mixed solution is set to 20°C, an etching time of two 

15 minutes is required) . 

[0101] The etching process using the mixed solution 

containing ammonia, hydrogen peroxide and water was 
performed for 30 seconds for the removal of the p-type GaAs 
cap layer 107 and the oxidation of the surfaces of the p- 

20 type GalnP intermediate band gap layer 106. The etching 
time may be relatively long such that the immersion of the 
intermediate band gap layer in the solution continues even 
after removing the p-type GaAs cap layer 107 (for example, 
in the case where the mixing ratio of ammonia and hydrogen 

25 peroxide and water is 20:30:50, and the temperature of the 
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mixed solution is 20°C, the etching time may be three 
minutes) . In this case, the oxide layers can surely be 
formed. 

[0102] Film-forming conditions by the MBE with 

5 regard to the contact layer in the method for producing a 
semiconductor laser device of the first embodiment can be 
changed by raising the temperature of the n-type GaAs 
substrate. However, in this case, in order to maintain the 
sufficient current non-inj ection effect, oxygen may be 

10 produced by ultraviolet rays to oxidize the surface of the 
p-type GalnP intermediate band gap layer. Alternatively, 
plasma-like oxygen ions or activated oxygen (oxygen 
radical) may be used to oxidize the surface of the p-type 
GalnP intermediate band gap layer. Furthermore, the 

15 oxidation of the surface of the p-type GalnP intermediate 
band gap layer may be conducted by setting the substrate 

temperature to as high as 400°C-600°C, as well as by using 
water vapor. 

[0103] In the method for producing a semiconductor 

20 laser device of the first embodiment, the MBE method was 
used as the method of forming the contact layer 125. The 
reason therefor is as follows. In the MBE method, reducing 
hydrogen gas is not used, and the temperature of the n-type 
GaAs substrate 100 is relatively low (not more than 650°C) 
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and thus the oxide layers 106A formed in the current non- 
injection regions B are hard to remove. 
[0104] (Second Embodiment) 

Fig. 6A through Fig. 7C are perspective views 
5 showing a process for producing a semiconductor laser 
device according to a second embodiment of the present 
invention. It should be noted that these figures show only 
a part corresponding to a single chip of the entire wafer 
for the sake of convenience. 
10 [0105] The semiconductor laser device according to 

the second embodiment and the method for producing the same 
will be described below. 

[0106] In the method for producing a semiconductor 

laser device according to the second embodiment, a metal- 

15 * organic chemical vapor deposition (MOCVD) method is used 
for growing a p-type AlGaAs contact layer. In the MOCVD 
method, the p-type AlGaAs contact layer is exposed to a 
reducing atmosphere of hydrogen and the substrate 
temperature is raised and thus the action of removing oxide 

20 layers becomes stronger. However, in the producing method 
of the second embodiment, the process for forming the oxide 
layer consists of two steps. Namely, in addition to the 
process using a hydrogen peroxide solution as a first step, 
which is also carried out in the method of the first 

25 embodiment, a process using ozone as a second step is 
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performed so that a sufficient current injection effect can 
be obtained. 

[0107] The method of producing the semiconductor 

laser device according to the second embodiment will be 
5 described below step by step. 

[0108] First, as shown in Fig. 6A, an n-type 

(Al 0 . 7 Ga 0 3 ) 0 5 In 0 5 P lower cladding layer 201 (having a 

thickness of 1.5 jam and a carrier concentration of 0.7 x 
10 18 cm" 3 ) , an active layer 202 consisting of four undoped 
10 (Al 0>5 Ga 0 . 5 ) 0 . 5 In 0 . 5 P layers and three undoped GalnP layers 
(having a thickness of 6 nra) respectively interposed 
between the adjacent undoped (Al 0<5 Ga 0 . 5 ) 0 . 5 In 0 . 5 P layers, a p- 
type (Al 0 . 7 Ga 0 . 3 ) 0 . 5 In 0>5 P first upper cladding layer 203 

(having a thickness of 0.2 (am, and a carrier concentration 
15 of 0.8X10 18 cm' 3 ), a p-type Ga 0 . 6 In 0M P etching stopper layer 
204 (having a thickness of 8 nm, and a carrier 
concentration of 0.8X10 18 cm" 3 ), a p-type (Al 0 . 7 Ga 0 . 3 ) O-5 In 0 . 5 P 
second upper cladding layer 205 (having a thickness of 0.8 

jam, and a carrier concentration of 1.0X10 18 cm" 3 ), a p-type 
20 (Al 01 Ga 0>9 ) 0 . 5 In 0>5 P intermediate band gap layer 206 (having a 

thickness of 0.1 |im, and a carrier concentration of 2X10 18 
cm" 3 ) , and a p-type GaAs cap layer 207 (having a thickness 

of 0.3 |m, and a carrier concentration of 2X10 18 cm" 3 ) are 
formed in this order on an n-type GaAs substrate 200 by the 
25 MOCVD method. The process of forming the p-type 
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(Al 0>1 Ga 0 . 9 ) 0 . 5 In 0 . 5 P intermediate band gap layer 206 and the p- 
type GaAs cap layer 207 on the p-type (Al 0 7 Ga 0>3 ) 0<5 In 0>5 P 
second upper cladding layer 205 is one example of the 
intermediate band gap layer and cap layer forming process. 
5 In the semiconductor laser device according to this second 
embodiment, n-type dopant is Si, and p-type dopant is Zn. 
[0109] Next, as shown in Fig. 6B, ZnO (zinc oxide) 

layers 231 are formed in stripe shapes along regions 
forming laser beam-emitting end faces 550, 551 on the cap 

10 layer 207, and a Si0 2 layer 232 is formed on the entire 
regions of the cap layer 207 and the ZnO layers 231. 
[0110] Then, annealing is performed at 520°C for 2 

hours, so that Zn is diffused from the ZnO layers 231 to 
regions of the cap layer 207 and the upper cladding layer 

15 205 on the sides of the laser beam-emitting end faces 550, 
551. Thereby, the quantum well layers and the barrier 
layers of the active layer 202 under the ZnO layers 231 are 
intermixed to form window regions 202B of the active layer 
202 . 

20 [0111] Subsequently, as shown in Fig. 6C, after the 

Si0 2 layer 232 and the ZnO layers 231 are removed using a 
buffered hydrofluoric acid, the p-type GaAs cap layer 207, 
the p-type GalnP intermediate band gap layer 206 and the p- 
type (Al 0 7 Ga 0>3 ) 0 . 5 In 0 5 P second upper cladding layer 205 are 
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etched in a stripe shape until the etching stopper layer 
204 is exposed, whereby a ridge stripe 215 is formed. 
[0112] Next, as shown in Fig. 7A, an n-type 

Al 0 . 5 In 0 . 5 P current blocking layer 220 is formed on the 
5 etching stopper layer 204 by the MOCVD method in a manner 
so as to be in contact with side surfaces of the ridge 
stripe portion 215. 

[0113] Then, as shown in Fig. 7B, a cap layer 

removing process and an oxide layer forming process are 

10 conducted. Different from the method for producing the 
semiconductor laser device of the first embodiment, in the 
method for producing the semiconductor laser device of the 
second embodiment, the oxide layer forming process consists 
of two steps. Specifically, current injection region A (a 

15 region at a distance away from both the emitting end faces) 
is covered by a resist (not shown) , and current non- 
injection regions B (regions on the sides of the emitting 
end faces, which continue to the current injection region 
A) are subjected to etching for 30 seconds with a mixed 

2 0 solution containing ammonia, aqueous hydrogen peroxide and 
water at a ratio of 20:30:50 and having a temperature of 
20°C, whereby portions of the p-type GaAs cap layer 207 in 
the current non-injection regions B are removed. The 
process of removing the p-type GaAs cap layer 207 in the 

25 current non-injection regions B is an example of the cap 
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layer removing process. When performing the cap layer 
removing process, a surface of the p-type (Al 01 Ga 0 9 ) 0 5 In 0 5 P 
intermediate band gap layer 206, which is exposed due to 
removal of the portions of the p-type GaAs cap layer 207 
5 not having been covered, is not etched, but is oxidized due 
to the action of hydrogen peroxide solution. Thereby, the 
oxide layer 206A is partially formed on the exposed surface 
of the p-type AlGalnP intermediate band gap layer 20 6. The 
process of partially forming the oxide layers 206A serves 

10 as the first step in the oxide layer forming process. In 
the cap layer removing process and the first step of the 
oxide layer forming process, the n-type Al 0<5 In 0 . 5 P current 
blocking layers 220 are not etched by the etchant and thus 
their shapes are retained. 

15 [0114] In the method according to the second 

embodiment, after the cap layer removing process and the 
first step in the oxide layer-forming process, by using an 
apparatus that generates ozone by irradiation of 
ultraviolet rays in an atmosphere of oxygen, the entire 

20 surface of the wafer is exposed to an ozone atmosphere for 
one hour so as to be oxidized. Thereafter, the current 
non-injection regions B are covered by resist, and the 
oxide layer in the current injection region A is removed 
with a mixed solution of sulfuric acid, hydrogen peroxide 

25 water and water. The process of exposing the entire 
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surface of the wafer for one hour so as to oxidize it using 
the apparatus that generates ozone serves as the second 
step of the oxide layer forming process. Thus, the oxide 
layer 206A is formed on the exposed surface of the p-type 
5 AlGalnP intermediate band gap layer 206 by the two-step 
oxide layer forming process. 

[0115] Thereafter, a contact layer forming process 

of the second embodiment shown in Fig. 7C is conducted. 
That is, a p-type GaAs contact layer 225 (having a 

10 thickness of 4 (juti) is formed on the entire surface of the 
semiconductor laser wafer by a low-pressure MOCVD method. 
Hydrogen is used as a carrier gas and TMGa (trimethyl 
gallium) and AsH 3 (arsine) are used as sources. At this 
time, the substrate temperature is 700°C. At this 

15 substrate temperature, oxygen on the p-type GalnP 
intermediate band gap layer 206 is removed to a certain 
extent. However, because the second step of the oxide 
layer forming process using the ozone treatment has been 
conducted, as described above, the oxide layers 206A keep 

20 an oxygen concentration of about 1 x 10 20 cm" 3 showing 
favorable current non-injection characteristics. 
[0116] Lastly, as shown in Fig. 8, an n-side 

electrode 222 and a p-side electrode 223 are formed, and 
the wafer formed with these electrodes is cleaved at window 

25 regions so as to have a resonator length of 900 jam. A 
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laser beam-emitting end face is coated with a low- 
reflectivity reflection coating 226 with a reflectivity of 
about 6 %, while the end face opposite from the laser beam- 
emitting end face is coated with a high-reflectivity 
5 reflection coating 227 with a reflectivity of about 90 % to 
complete the semiconductor laser device according to the 
second embodiment. In Fig. 8, the same layers as those in 
Figs. 6 and 7 are designated by the same reference numerals. 
[0117] In order to confirm the effect of the 

10 current non-injection structure of the semiconductor laser 
device, in the same manner as in the first embodiment, a 
semiconductor laser device in which a 900 jim long resonator 
is entirely made of only the current injection region A, 
and a semiconductor laser device in which a 900 jim long 

15 resonator is entirely made of only the current non- 
injection region B were fabricated and the voltage-current 
characteristics of these semiconductor laser devices were 
measured. Fig. 9 shows the voltage-current characteristics 
of these semiconductor laser devices . 

20 [0118] As shown in Fig. 9, according to the second 

embodiment, similarly to the first embodiment, the 
semiconductor laser device which is made of only the 
current injection region A, which is shown in solid line in 
Fig. 9, has favorable current injection characteristics, 

25 while the semiconductor laser device which is made of only 
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the current non-injection region B, which is shown in 
dotted line in Fig. 9, has favorable current non- inj ection 
characteristics . 

t0119] According to the semiconductor laser device 

of the second embodiment, different from the semiconductor 
laser device of the first embodiment, the composition of 
the intermediate band gap layer is set to (Al^Ga^) 0 . 5 In 0 . 5 P. 
The reason therefor is that, by adding an Al constituent, 
oxidation of the surface of the intermediate band gap layer 
206 is promoted so that the oxide layer 206A is stably 
formed even if reducing film formation by the MOCVD is used. 
The intermediate band gap layer is required to have a band 
gap intermediate between the p-type cladding layer and the 
p-type cap layer. Thus, if the Al molar fraction is set to 
too high, current injection in the current injection region 
A is hampered, which is not preferred. The Al molar 
fraction is preferably set to not more than 0.4, more 
preferably, not more than 0.1. 

[0120] In the method for producing a semiconductor 

laser device of the second embodiment, the p-type AlGaAs 
contact layer 22 5 is formed by the MOCVD method that uses 
hydrogen, which is a reducing gas. In spite of use of the 
MOCVD method, sufficient oxide is secured by combining a 
surface oxidation process using a hydrogen peroxide 
solution and so on with the MOCVD process, or by changing 
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the conditions (the substrate temperature, etc.) for the 
MOCVD. Thereby, the sufficient current non- inj ection 
structure can be formed in the current non- inj ection 
regions B. 

5 [0121] In the method for producing the 

semiconductor laser device according to the second 
embodiment, the surface oxidation using hydrogen peroxide 
was used in combination with the surface oxidation using 
ozone, but they are not necessarily used together. 

10 [0122] In the method for producing the 

semiconductor laser device according to the second 
embodiment, ozone was generated using ultraviolet rays so 
as to conduct surface oxidation, but the surface oxidation 
may be conducted using plasma-like oxygen ion or activated 

15 oxygen (oxygen radical) . 

[0123] In the method for producing the 

semiconductor laser device according to the second 
embodiment, to oxidize the surface of the intermediate band 
gap layer, a process of generating oxygen ion with 

20 ultraviolet rays was employed. Alternatively, a process 
may be employed in which the substrate temperature is set 
to 400°C - 600°C and water vapor is used. 

[0124] In the first and second embodiments, the 

current non-injection regions are formed at and near the 
25 respective laser-beam emitting end faces. However, it will 
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readily be understood that the present invention is also 
applicable even when the current non-injection is formed in 
a location other than the vicinity of the laser-beam 
emitting end faces. 

t0125] The invention being thus described, it will 

be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
following claims. 



